Utah State University

DigitalCommons@USU
International Junior Researcher and Engineer
Workshop on Hydraulic Structures

8th International Junior Researcher and
Engineer Workshop on Hydraulic Structures
(IJREWHS 2021)

Jul 5th, 12:00 AM - Jul 8th, 12:00 AM

Scour Downstream of Log-Frame Structures in the Presence of
Rigid Vegetation
Deep Roy
University of Pisa, d.roy1@studenti.unipi.it

Simone Pagliara
ETH Zurich

Follow this and additional works at: https://digitalcommons.usu.edu/ewhs
Part of the Civil and Environmental Engineering Commons

Roy, Deep and Pagliara, Simone, "Scour Downstream of Log-Frame Structures in the Presence of Rigid
Vegetation" (2021). International Junior Researcher and Engineer Workshop on Hydraulic Structures. 9.
https://digitalcommons.usu.edu/ewhs/2021/Session1/9

This Event is brought to you for free and open access by
the Conferences and Events at DigitalCommons@USU. It
has been accepted for inclusion in International Junior
Researcher and Engineer Workshop on Hydraulic
Structures by an authorized administrator of
DigitalCommons@USU. For more information, please
contact digitalcommons@usu.edu.

8th International Junior Researcher and Engineer
Workshop on Hydraulic Structures
ISBN: 978-0-578-37416-1
https://doi.org/10.26077/6da9-2295

Galway, Ireland,
5th - 8th June 2021

Scour Downstream of Log-Frame Structures in the Presence of
Rigid Vegetation
Deep Roy1 and Simone Pagliara2
1

Department of Energy, Systems, Territory and Construction Engineering
University of Pisa
Pisa 56122
ITALY
2
Laboratory of Hydraulics, Hydrology and Glaciology (VAW)
ETH Zurich
Zürich 8093
SWITZERLAND
E-mail: d.roy1@studenti.unipi.it / 9deeproy2@gmail.com

Abstract: Recently, various low-head environment friendly structures have been used to control the
sediment transport and preserve river navigability. Among these structures, double winged log-frames
are effective for concentrating the flow by decreasing channel width. Moreover, they create scour holes
which can be used by fishes as resting spots. Usually, log-frames are placed in mountainous curved
channels where there is natural growth of various types of in-stream vegetation in the downstream
stilling basin of the structure which influences scour geometry and depth. Therefore, the current study
aims to analyze the impact of rigid woody vegetation, placed downstream of double winged log-frames,
on the overall equilibrium stilling basin morphology and scour depth magnitude in curved channels. The
presence of rigid vegetation in different configurations and densities generally reduces the maximum
scour depth with respect to the maximum scour generated in reference tests. Moreover, the vegetation
considerably influences scour morphology and acts as natural protection to maintain channel bank and
stilling basin stability.
Keywords: log-frame, rigid vegetation, scour morphology, curved channel.

1. INTRODUCTION
To preserve and maintain the aquatic ecosystems of the world, different kinds of low-head structures
like block ramps, log-frames, rock sills and others are placed in rivers. They control sediment load and
enhance the natural habitat by facilitating fish migration. Double winged log-frames belong to this
structure typology. Usually, the equilibrium stilling basin morphology at these structures is characterised
by two distinct scour holes located upstream and downstream of the structure. These scour pools are
used by fish as resting spots. There are several important studies carried out on low-head grade control
structures like submerged vanes to examine the impact of the structure on flow velocity and scour
pattern in straight and curved channels (Odgaard & Mosconi, 1987; Odgaard & Spoljaric, 1986; Odgaard
& Wang, 1991, among others). Bhuiyan et al. (2007) conducted experiments on the characteristics of
W weir in curved channels and Scurlock et al. (2012) investigated the hydraulic behaviour and scour
pattern due to A-, U- and W-shaped weirs. Particularly, when the structures are placed in curved
channels, secondary accelerations make the flow in the stilling basin asymmetric in nature. This leads
to higher scour magnitude towards the outer bank of the channel. Therefore, the effect of channel
curvature on the scour phenomena due to low-head structures was studied by some researchers (e.g.,
Pagliara et al., 2016). On the other hand, Pagliara et al. (2014) studied the hydraulic characteristics of
log-vanes in straight channels and developed design equations to predict the main scour features.
Whereas Pagliara et al. (2015) carried out a thorough investigation of the scour characteristics due to
log deflectors. Finally, Pagliara et al. (2020) presented a novel scour morphology classification and
proposed relationships to estimate scour geometry characteristics due to stone reinforced double
winged log-frame structures in straight channels.
Usually, in field conditions, log-frames are placed in channel reaches where there is extensive growth
of various kinds of vegetation in the downstream stilling basin. In some cases, the presence of in-stream
vegetation in the form of large wood debris accumulation at hydraulic structures like bridge piers leads

to enhanced scour and clogging effects which adversely affects the channel and structure stability.
Conversely, the presence of stilling basin vegetation downstream of low-head grade control structures
can have a positive effect in terms of basin stability. Some studies were made to examine the role
channel vegetation has in influencing the flow characteristics (among others, Fairbanks & Diplas, 1998;
Järvelä, 2005; Tsujimoto, 2000). In particular, Tanino and Nepf (2008) analyzed the drag force
generated in a spatial distribution of rigid cylinders placed in the channel. Thereafter, Rominger et al.
(2010) conducted a study on the impact of vegetation, located on bars at the meandering of a channel,
on the overall flow properties. Chen et al. (2012) experimentally studied the role played by longitudinal
solid bars and submerged vegetation to modify hydraulic characteristics of flow under clear water
condition. More recently, the effect of in-stream vegetation on low-head grade control structures in
curved channels was studied at the University of Pisa, Pisa (Italy). Pagliara et al. (2019) provided a
preliminary analysis of the effect of downstream shrub vegetation presence on the scour morphology
pattern due to double winged log-frames in channel bends. Palermo et al. (2019) showed that the
presence of flexible vegetation reduces the maximum scour depth and modifies the overall scour
geometry due to the same structure in curved rivers. Therefore, the current study aims to further examine
the impact of rigid vegetation, placed downstream of double winged log-frames, on the equilibrium
stilling basin morphology and global maximum scour magnitude in curved channels.

2. EXPERIMENTAL SET-UP
Several tests were conducted in the presence of rigid vegetation downstream of double winged logframe structures in curved channel at the hydraulics laboratory of the Department of Energy, Systems,
Territory and Construction Engineering (DESTEC) at the University of Pisa, Pisa (Italy). The curved
channel used for the tests has the following characteristics: length = 6 m, width (B) = 0.5 m,
depth = 0.5 m and radius of curvature (R) = 6 m (Figure 1). For a particular experiment, two different
structure positions were tested, i.e., upstream position characterised by Ψ = 0.024 rad and downstream
position characterised by Ψ = 0.385 rad, where Ψ is the angle subtended by the arc, extending from the
beginning of the curved channel up to the position of the log-frame (Figure 1). The flow discharge is
denoted by Q. Each log-frame structure consisted of two legs which were placed symmetrically in the
channel. The legs were constructed from cylindrical pieces of log tied together with strings and weighted
at the bottom to firmly hold the log-frame structure in position. The upstream structure is characterized
by hst = 0.04 m and lst/B = 0.34, with hst and lst indicating the height and the length of a single leg of the
structure, respectively. Conversely, hst = 0.035 m and lst/B = 0.46 for the downstream structure. Figure
2 shows the plan and cross-sectional views of a log-frame structure. In Figure 2, zmu and zmd are
maximum scour depths upstream and downstream of the structure. zM is the maximum dune height, h0
is the tailwater depth and α is the angle made by each leg with the direction of flow (i.e., α = 0.331 rad
and 0.244 rad for upstream and downstream structure, respectively). In case of reference tests (Type
0), i.e., tests without vegetation reported in Palermo et al. (2019), the shaded dune area shown in Figure
2 is defined as Aduneb.
Rigid vegetation elements were placed in various spatial configurations and densities downstream of
the log-frame structure. As shown in Figure 3, three different configurations of vegetation elements were
tested in the downstream stilling basin, i.e., Type A, Type B and Type C. Lengths l1, l2, l3 and l4 denote
the distance of a rigid vegetation element from the channel banks, downstream end of the log-frame
(Figure 3) and adjacent vegetation element in the grid.
In Type B, the vegetation distribution is translated towards the inner bank as compared to Type C.
Individual rigid vegetation elements were simulated using metallic cylinders of two diameters, Φ = 0.01
m and 0.008 m, which extended above the water surface and these cylinders have an average length
of 0.40 m (Figure 3d). Moreover, the area of each shaded circle in Figure 3 represents the horizontal
projected area of an individual rigid vegetation element. In a particular test, with a given vegetation
configuration, the summation of the areas of all the circles represents the total horizontal projected area
of rigid vegetation defined as Arv. Tests with vegetation were conducted at identical hydraulic,
granulometric and geometric conditions as that of the reference tests (Type 0) in the absence of
vegetation reported in Palermo et al. (2019). A summary of experimental tests is shown in Table 1.
All tests were conducted with a uniform bed material characterised by d16 = 0.9 mm, d50 = 1 mm,
d84 = 1.2 mm and sediment non-uniformity parameter σ = 1.15 where σ = (d84/d16)0.5 and dxx is the
diameter size for which xx% of material is finer. The densities of bed material and water are equal to

Figure 1 - Diagram of the curved channel highlighting the positions of the log-frame structure and rigid
vegetation arrangement.

Figure 2 - a) Top view and b) cross-sectional view of a typical double winged log-frame structure used
in the tests indicating important parameters.
ρs = 2467 kg/m3 and ρ = 1000 kg/m3, respectively. The bed was made horizontal before every test. The
discharge and tailwater was ensured to be constant during the test duration. A sluice gate situated at
the end of the channel was used to control the tailwater level. Tests were conducted under clear water
and continued until an equilibrium scour condition was reached. A few supplementary tests having
identical hydraulic and geometric conditions as in Table 1 were carried out to check the consistency of
the scour pattern. Such tests resulted in similar scour morphology features as in the tests in Table 1.
The water level and bed scour morphology were measured using a point gauge with accuracy of 0.1 mm.
Points were measured in the deformed stilling basin with a spatial resolution of (1Х1) cm. The precision
of the scour measurements can be taken as ±0.5d50 (Palermo et al., 2021).

Figure 3 - Rigid vegetation spatial configurations shown as a) Type A, b) Type B, c) Type C and d)
picture of an experimental setup during a test.
Table 1 Summary of experimental tests.
Test

Q
(m3/s)

h0
(m)

Ψ
(rad)

Configuration

Φ
(m)

1
2
3
4
5
6
7
8
9
10
11
12
13

0.0100
0.0100
0.0175
0.0175
0.0250
0.0250
0.0100
0.0100
0.0175
0.0175
0.0250
0.0250
0.0100

0.070
0.070
0.115
0.115
0.160
0.160
0.070
0.070
0.115
0.115
0.160
0.160
0.070

0.024
0.385
0.024
0.385
0.024
0.385
0.024
0.385
0.024
0.385
0.024
0.385
0.024

Type A
Type A
Type A
Type A
Type A
Type A
Type A
Type A
Type A
Type A
Type A
Type A
Type B

0.010
0.008
0.010
0.008
0.010
0.008
0.008
0.010
0.008
0.010
0.008
0.010
0.008

14
15
16
17
18
19
20

0.0100
0.0175
0.0175
0.0250
0.0250
0.0100
0.0100

0.070
0.115
0.115
0.160
0.160
0.070
0.070

0.385
0.024
0.385
0.024
0.385
0.024
0.385

Type B
Type B
Type B
Type B
Type B
Type B
Type B

0.010
0.008
0.010
0.008
0.010
0.010
0.008

21
22
23
24
25
26
27

0.0175
0.0175
0.0250
0.0250
0.0100
0.0100
0.0175

0.115
0.115
0.160
0.160
0.070
0.070
0.115

0.024
0.385
0.024
0.385
0.024
0.385
0.024

Type B
Type B
Type B
Type B
Type C
Type C
Type C

0.010
0.008
0.010
0.008
0.008
0.010
0.008

28
29
30
31
32
33
34
35
36

0.0175
0.0250
0.0250
0.0100
0.0100
0.0175
0.0175
0.0250
0.0250

0.115
0.160
0.160
0.070
0.070
0.115
0.115
0.160
0.160

0.385
0.024
0.385
0.024
0.385
0.024
0.385
0.024
0.385

Type C
Type C
Type C
Type C
Type C
Type C
Type C
Type C
Type C

0.010
0.008
0.010
0.010
0.008
0.010
0.008
0.010
0.008

3. RESULTS AND DISCUSSION

3.1.

Maximum Scour Depth

From the tested results, a comparison was made between the global maximum scour depth due to logframes in the presence of rigid vegetation and that occurring in corresponding reference tests, i.e.,
without vegetation. For different configurations, the non-dimensional vegetation density (η) is as follows:
𝜂 = 𝐴𝑟𝑣 ⁄𝐴𝑑𝑢𝑛𝑒𝑏

(1)

where Arv = horizontal projected area of rigid vegetation in the different tests, Aduneb = area of dune in
corresponding reference tests. The various non-dimensional rigid vegetation densities are classified in
four different groups: η1 (for reference tests) = 0; 0 < η2 ≤ 0.004 (low density); 0.004 < η3 ≤ 0.008
(intermediate density); 0.008 < η4 ≤ 0.026 (high density). Moreover, as suggested by Pagliara et al.
(2020), the equivalent Froude number for double winged log-frame structure (Fdeq) is defined as follows:
F𝑑𝑒𝑞 = 𝑄 ⁄{𝐵ℎ𝑠𝑡 [𝑔(𝛥𝜌⁄𝜌)𝑑50 ]0.5 }

(2)

where g is the acceleration due to gravity and Δρ = ρs-ρ is the reduced density. Note that Fdeq accounts
for the hydraulic condition of flow, structure geometry and granulometry of the channel bed. Therefore,
the non-dimensional ratio between global maximum scour depths for vegetated channel (zm) and that of
corresponding reference tests (zmb) are plotted against Fdeq (Figure 4). The ratios are grouped according
to structure position and non-dimensional rigid vegetation density.

Figure 4 - Comparison of global maximum scour depth values due to various rigid vegetation densities
for a) Ψ = 0.024 rad and b) Ψ = 0.385 rad.

From Figure 4, it is seen that for all structure positions and most of the vegetation densities, the ratios
of the global maximum scour depth lie below the unit line. This signifies that the presence of rigid
vegetation in the downstream stilling basin in curved channel usually reduces the maximum scour
magnitude with respect to scour observed in reference tests. This can help to protect the structure and
stilling basin against erosion. However, at high values of Fdeq, the maximum scour depth in the presence
of vegetation shows a slight increase above the unit line for some vegetation densities (Figure 4).

3.2.

Scour Morphology

The equilibrium scour morphology provides interesting information for practitioners. Primarily, to analyze
the effect of channel curvature on the stilling basin morphology two scour maps are considered in Figure
5. They pertain to identical hydraulic conditions, rigid vegetation diameter and configuration
(Q = 0.010 m3/s, h0 = 0.07 m, Φ = 0.01 m, and Type B) but with different structure positions. For the
upstream structure at Ψ = 0.024 rad (Figure 5a corresponding to Test 19), there are distinct zones of
scour located in the upstream of the structure and the downstream stilling basin. The downstream scour
is followed by a prominent dune region. Conversely, for the downstream structure at Ψ = 0.385 rad
(Figure 5b corresponding to Test 14), the scour region is more concentrated towards the outer bank
along with a prominent dune in the immediate downstream vicinity of the legs of the log-frame when
compared to that of the previous case. This is because of channel curvature, that is more prominent in
the downstream structure position resulting in centrifugal acceleration on the flow entering the stilling
basin thereby making it asymmetric. Consequently, the scour is more pronounced in the vicinity of the
outer bank of the channel. Generally speaking, for the structure positioned downstream of the curve
vortex, the secondary accelerations play a major role resulting in a three-dimensional scour morphology,
whereas for the structure positioned at the inlet of the curve such effects are negligible.
Figure 6 shows four scour morphology maps with similar hydraulic conditions, structure positions and
vegetation diameter (Q = 0.0175 m3/s, h0 = 0.115 m, Ψ = 0.024 rad and Φ = 0.01 m) but with different
vegetation configurations in addition to the corresponding reference test. Figure 6a shows the
equilibrium morphology pertaining to the reference condition (Type 0) that is characterised by the
presence of a distinct scour zone upstream of the structure and of scour and deposition zones in the
downstream stilling basin. The upstream scour zone is more prominent than its downstream counterpart.
Likewise, Figure 6b shows configuration Type A (Test 3). The equilibrium morphology is characterized
by the presence of separate scour zones upstream and downstream of the log frame. The scour zone
after the structure is typically double lobed and confined to the central part of channel by a dune
occurring downstream. The scour and dune regions downstream of the log-frame in the presence of
vegetation (Figure 6b) is deeper and larger in area than that of reference condition (Figure 6a). In Figure
6c (Test 21, Type B), the vegetation distribution is shifted laterally towards the inner bank resulting in
an asymmetrical arrangement. However, the resulting scour morphology is quite similar to that shown
in Figure 6b and is characterised by prominent scour zones upstream and downstream of structure
along with a prominent dune in the stilling basin. Figure 6d (Test 33, Type C) exhibits similar scour
morphology thereby showing that the lateral translation of the vegetation grid has negligible effect on
the scour morphology.
Finally, two scour maps are shown in Figure 7 with identical hydraulic conditions, structure position and
vegetation configuration (Q = 0.025 m3/s, h0 = 0.16 m, Ψ = 0.385 rad, and Type C) but having different

Figure 5 - Scour morphology maps for a) Test 19 (Ψ = 0.024 rad) and b) Test 14 (Ψ = 0.385 rad). All
dimensions are in meter.

Figure 6 - Scour morphology maps for a) reference test in Palermo et al. (2019) without vegetation
(Type 0), b) Test 3 (Type A), c) Test 21 (Type B) and d) Test 33 (Type C). All dimensions are in meter.

Figure 7 - Scour morphology maps for a) Test 30 (Φ = 0.01 m) and b) Test 36 (Φ = 0.008 m). All
dimensions are in meter.
diameters of rigid vegetation elements. Both Figure 7a (Test 30, Φ = 0.01 m) and 7b (Test 36, Φ = 0.008
m), shows similar scour morphology characterised by scour zones both upstream and downstream of
the structure. Thus, the effect of individual vegetation diameter on scour geometry is negligible.

4. CONCLUSIONS
Experiments were carried out under various hydraulic conditions to investigate the effect of downstream
rigid vegetation on the maximum scour depth and equilibrium scour morphology at double winged logframe structures in curved channels. Two different structure positions were tested in the curved channel
(i.e., upstream and downstream). The diameter and spatial configuration of the rigid vegetation elements
were varied. The global maximum scour depth at log-frames in the presence of rigid vegetation
decreases in comparison to that for reference tests under otherwise similar conditions for both the
structure positions and various vegetation densities. Consequently, the rigid vegetation can act as an
eco-friendly protection measure to enhance structure and basin stability. Moreover, the rigid vegetation
presence and structure position have a considerable impact on the equilibrium scour morphology due
to log-frames. In case of reference tests, there are separate scour zones both upstream and downstream
of the structure in the stilling basin. When rigid vegetation is introduced, the scour and dune regions
downstream of the structure become more pronounced. The dune tends to confine the scour region to
the central part of the channel. This is useful in curved channels where secondary accelerations cause

the flow entering the stilling basin downstream of the log-frame to become asymmetric resulting in higher
scour concentration towards the outer bank of the channel. In such a situation, the rigid vegetation can
act as a natural stabilizer and protect the outer bank from failure due to progressive scour. Further
comparison shows that the maximum scour depth in presence of both rigid and flexible vegetation
generally decreases with respect to the scour depth without vegetation (Figure 4 of current paper and
Figure 5 of Palermo et al., 2019). Comparing Figure 6 of this paper and Figure 7 of Palermo et al. (2019),
it is seen that in the tested range, similar scour morphology can be obtained for identical configurations
of rigid and flexible vegetation. For design purposes, the density and spatial configuration of the
vegetation (both rigid and flexible) and structure position are important parameters for future research.
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